Treatment with boticin S51, a bacteriocin produced by a nontoxigenic organism closely related to Clostridium botulinum type E, caused extensive changes in the structure of a sensitive C. botulinum type E strain. Nucleoid deoxyribonucleic acid, normally seen as fine filaments scattered throughout the cell, was aggregated into dense deoxyribonucleic acid masses. Mesosomes appeared to undergo structural rearrangement from lamellar to vesicular configuration. Eventual dissolution of cell contents left bacterial ghosts composed of seemingly intact cell walls with remnants of the cytoplasmic membrane and internal structures. The morphological changes observed in boticin-treated strain 070 cells were very similar to those produced by a bacteriocin-like substance from phage type 71 Staphylococcus aureus on sensitive fl-hemolytic streptococci. A similarity in the mode of action of the two bactericidal agents is suggested.
The purification and partial characterization of two bacteriocins (boticins) produced by strain S5, a nontoxigenic variant of Clostridium botulinum type E, were described in an earlier report (6) . A basic protein with molecular weight under 30,000 daltons is the predominant species; a negatively charged substance with particle weight exceeding 40 x 106 daltons represents about 20% of the activity produced by this organism. The two boticins resemble staphylococcin 414 (9) and the bacteriocin-like substance produced by phage type 71 Staphylococcus aureus (2, 4) in that they are heat stable, susceptible to proteolytic enzymes, and cannot be induced by ultraviolet irradiation or mitomycin C. The low-molecularweight boticin (boticin S5,) kills sensitive cells rapidly, but cell lysis does not appear to be involved directly. In this respect also, it resembles the bactericidal agents of staphylococci.
The bacteriocin-like substance produced by phage type 71 S. aureus was recently shown to cause extensive structural changes in susceptible group A ,B-hemolytic streptococci (1). The structural changes, consisting of extensive condensation of nuclear material, partial loss of ribosomes, alteration of mesosomes, abortive cell division, and eventual dissolution of cell contents, were correlated with ribonucleic acid (RNA) degradation and cessation of deoxyribonucleic acid (DNA) and protein synthesis in streptococci treated with the bactericidal substance (3) .
The purpose of this investigation was to determine whether the mode of action of boticin S51 might be similar to that of the bacteriocin-like substance from phage type 71 staphylococci. The present report describes the effect of boticin S51 on the ultrastructure of sensitive C. botulinum type E cells.
MATERIALS AND METHODS
Cultures. Strain S5, a nontoxigenic organism closely related to C. botulinum type E, was the source of boticin; C. botulinum type E strain 070 was the susceptible strain. The origin of both strains and methods for their propagation, spore production, and enumeration were described by Kautter et al. (12) .
Preparation of boticin. The production, assay, and purification of two boticins from strain S5 were described in an earlier report (6) . Only the low-molecular-weight boticin (molecular weight <30,000) from strain S5 was used in this study; it is referred to hereafter as boticin S5,. Boticin S5, was isolated from the supernatant fluid of strain S5 culture by gel filtration on Sephadex G-50 and chromatography on sulfoethylSephadex as described previously (6) . A Diaflo ultrafilter with UM-2 membrane (Amicon Corp., Lexington, Mass.) was used first to concentrate and then to dialyze the product; the boticin S5, was washed with 10 volumes of 0.05 M ammonium acetate buffer at pH 7.0. The titer of the purified preparation, the highest dilution with sporostatic activity in the assay described previously (6) Fig. 1 and 2. The cytoplasm was composed primarily of densely staining ribosomes in a lighter-staining homogeneous matrix. Clearly defined nucleoids were not seen in these cells; fine-branching filaments of densely staining nuclear material (n) were scattered throughout the cytoplasm. Spherical inclusions of a nonstaining substance (i) were common.
Well-defined mesosomes (m) were found in some cells. Compact pockets of randomly coiled tubules or lamellae extended into the cytoplasm; their external layers appeared continuous with the cytoplasmic membrane ( Fig. 2a and 2b) .
Large regions of lightly stained material devoid of ribosomes (arrow, Fig. 1 ) were common. On first examination, these appeared to be completely amorphous; however, close scrutiny of a large number of cells suggested that these areas might be mesosomes with structures unresolved because of either the fixation-staining technique used or the angle of sectioning. Bacterial ghosts were rare in either of the con-527 trol specimens; there was no discernible difference between untreated cell samples taken at the beginning or the end of the experiment. Boticin-treated cells. The bacteriocin did not affect all cells uniformly at any given sample interval; however, the changes described were observed consistently with three different preparations. Extensive changes were observed in a few cells in the 10-min sample, but other cells showed minimal changes after treatment for 120 min. By examining a large number of cells from each sample interval, it was possible to establish the sequence of structural changes in boticintreated cells. Figures 3, 4 , and 5 illustrate the changes in strain 070 cells treated with boticin S5, (titer 1,600) for 10, 30, and 120 min, respectively. Details of these changes are shown in Fig.  6, 7a , and 7b.
The earliest changes in boticin-treated cells were in the nucleoid (DNA). The nucleoid first became more prominent with the formation of clear areas around the DNA filaments (a, Fig. 3  and 4 ). Extensive condensation of the DNA filaments and enlargement of the clear areas around them left nucleoids that consisted of dense DNA aggregates in large nuclear vacuoles (b, Fig. 4 and 6). At a later stage, vacuoles from which all or most of the DNA masses had disappeared were seen (c, Fig. 4) , suggesting subsequent breakdown of DNA.
Mesosomes were more difficult to find in boticin-treated cells than in the controls. Most of the structures identifiable as mesosomes in the 10-and 30-min samples appeared to be more loosely organized as opposed to the compact structures in untreated cells. Recognizable mesosomes were extremely rare in cells from the 120-min sample. Pockets of small round vesicles between the cell wall and the cytoplasmic membrane, first seen at 30 min (v, Fig. 4 ), were more numerous at 120 min (arrows, Fig. 5, 7a , and 7b). These structures were not observed in control cells, and their appearance in boticin-treated cells coincided with the disappearance of recognizable mesosomes. Therefore, it is possible that the vesicular structures represejt remnants of degraded mesosomes.
Finally, boticin-treated cells underwent a complete dissolution of cell contents, leaving bacterial ghosts. These ghosts (Fig. 4 and 5 
DISCUSSION
The rapid killing of C. botulinum type E strain 070 cells by a relatively small concentration of boticin S5, (titer 800) was described previously (6) . A suspension of exponential-phase cells-was rendered nonviable within 9 min, but the turbidity of the cell suspension declined gradually over a period of hours; thus, it appeared that cell lysis occurred secondarily. The killing action of boticin S5, was not reversed by trypsin, even though trypsin rapidly inactivated the bacteriocin, suggesting either rapid penetration of the bacteriocin into the cell or the rapid production of a lethal lesion.
A bacteriocin-like substance that is produced by phage type 71 staphylococci and shares several of the properties of boticin S5, (2, 4) Changes in cellular ultrastructure that resemble, to some extent, those produced by the bactericidal substance from phage type 71 staphylococci and boticin S51 have been observed under other conditions. Alteration of the ionic environment has been found to produce nuclear condensation in bacteria, apparently through reaction of the anionic nuclear material with cations (18) . Nuclear condensation and loss of ribosomes were the earliest structural changes in Escherichia coli cells exposed to chloramphenicol. Upon removal of chloramphenicol, the cells reverted to a normal appearance, but attempts at cell division were abortive (14) . Oleate 
